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PERFORMANCE OF LOW-PRESSURE-RATIO LOW-TIP-SPEED
FAN STAGEWITH BLADETIP SOLIDITY OF 0.65
by George Kovich and Ronald J. Steinke
Lewis Research Center
SUMMARY
The overall and blade-element performance of a low-pressure-ratio, low-blade-tip -
speed fan compressor stage is presented. Detailed radial and circumferential (behind
stator) surveys of the flow conditions were made over the stable operating range at rota-
tive speeds from 90 to 120 percent of design speed. Stage peak efficiency of 0. 927 was
obtained at a pressure ratio of 1.134 and a weight flow of 32.4 kilograms per second
n(190. 31 kg/sec/m of annulus area). Design weight flow is 29.94 kilograms per second
with a pressure ratio of 1. 151 and an efficiency of 0. 865. Stall margin at design speed
and peak efficiency was 15. 3 percent.
Rotor blade losses were higher than design in the middle portion of the blade span
and less than design at the tip and hub. Stator losses were higher than design at the tip
and hub but were much lower than design in the middle portion of the blade span. The
diffusion factor of both rotor and stator were less than design values over most of the
blade spans.
Rotor suction surface incidence angles corresponding to minimum losses varied
from 0° to 5 more negative than design values. Stator suction surface incidence angles
were 0° to 8° less than the design values. At design incidence, rotor deviation angles
were within ±3° of design values. Stator deviation angles were as much as 5° higher
than design in the tip and hub regions of the blade span.
The dip in total pressure ratio and efficiency at design weight flow may be associ-
ated with the forward movement of the flow separation point on the rotor blade suction
surface. A rapid movement of the flow separation point over a small portion of the in-
cidence range could result from the combination of high negative incidence angles, rel-
atively thick blade sections in the midspan region and high camber on the suction
surface.
INTRODUCTION
The Lewis Research Center of the National Aeronautics and Space Administration is
engaged in a research program on axial-flow fans and compressors for advanced air-
breathing engines. The program is directed primarily towards providing the technology
to permit reducing the size and weight of the fans and compressors while maintaining a
high level of performance.
NASA is currently engaged in investigating short-haul-type aircraft for commercial
application. The aircraft must have an efficient and reliable propulsion system which
satisfies the low noise requirement for urban communities. These aircraft engines must
also be capable of operating over a wide range of conditions from takeoff, cruise, and
approach to thrust reversal after landing.
In support of the program, the Lewis Research Center is investigating a number of
fan stages suitable for short haul aircraft propulsion systems.
These low pressure ratio stages operate at low tip speeds to meet the required low
noise level. Adjustable rotor blades may be required to provide the varied flight de-
mands and reverse thrust after landing.
The performance for one of the fans (stage 51A) in the series is presented in ref-
erence 1. The 12-bladed, 50. 8-centimeter-diameter fan was designed for a stage pres-
sure ratio of 1.151 at a weight flow of 29. 94 kilograms per second. The design tip speed
is 243. 8 meters per second. The experimental pressure ratio obtained by stage 51A was
considerably less than design. The performance was particularly deficient in the tip re-
..gion_of the. rotor -blade, -probably because of the low- blade solidity. Stage 51A was sub-
sequently redesigned to improve the performance with higher solidity (longer blade
chords) in the tip region of the rotor blade and increased camber over the entire blade
span. Both designs incorporated provisions for manually adjusting the rotor blade set-
ting angle.
This report presents the design and aerodynamic performance for the redesigned fan
stage, designated stage 51B. Design pressure ratio, weight flow, and tip speed are the
same as those for stage 51A. Overall performance for both the rotor and stage along
with blade-element performance for both rotor and stator are presented for the design
setting angle. The data are presented over the stable operating range of the stage from
90 to 120 percent of design speed. Blade-element survey data were obtained at nine ra-
dial positions. The tests were conducted in the single-stage compressor test facility at
Lewis Research Center.
FAN STAGE DESIGN
Fan stage 51B is a revised design of fan stage 51A based on the experimental results
obtained with stage 51A. Fan stage 51A included acoustic considerations in its design
procedure (ref. 1) which resulted in a compromising of the aerodynamic parameters.
Fan stage 51B was designed primarily for aerodynamic and mechanical parameters but
did retain some of the acoustic design features from stage 51A. The main differences
in the design of the two fan rotors were: (1) increased blade chords for stage 5IB to ob-
tain better flow guidance, (2) increased blade camber for stage 51B to obtain greater
energy input, (3) the experimental distribution of deviation angle for stage 51A was used
in the design of stage 5IB, and (4) lower blade loading (diffusion factor) from the blade
midspan to the blade tip for stage 51B. The changes in these parameters from those of
stage 51A were such that the acoustic performance of stage 5IB was not expected to be
much different from that of stage 51A.
The overall design parameters for fan stage 5IB are listed in table I and are nearly
identical to those for fan stage 51A. Both stages used the same flow path, which is
shown in figure 1, and the same stators. Fan stage 51B was designed for an overall
o
pressure ratio of 1.151 at a weight flow of 29. 9 kilograms per second (175. 8 kg/sec/m
of annulus area). The tip speed was 243. 8 meters per second. There are 12 rotatable
rotor blades with a tip solidity of 0. 65. The hub solidity of 0. 96 allows the blade to pass
each other through "flat pitch" for reverse thrust applications. The aspect ratio of the
rotor blade is 2. 9 at the hub. There are 32 stator blades with a hub solidity of 2. 35 and
an aspect ratio of 3.1.
AERODYNAMIC DESIGN
Three computer programs were used in the design of fan stage 51B. These pro-
grams are the streamline analysis program, the blade geometry program, and the blade
coordinate program. These three computer programs are presented in detail in refer-
ences 2 and 3; and only a brief description of each is presented in this report.
The streamline analysis program was used to calculate the flow-field parameters at
several axial locations, including planes approximating the blade leading and trailing
edges for both the rotor and the stator. The weight flow, rotative speed, flow-path
geometry, and radial distributions of total pressure and temperature are inputs in this
program. The program accounts for both streamline curvature and entropy gradients;
boundary-layer blockage factors are also included.
The distributions of velocity vector, total pressure, and total temperature cal-
culated in the streamline analysis program are utilized in the blade geometry program
to compute blade geometry parameters. The blade-element total loss is calculated
within the program. It is based on a calculated shock loss (as related to the selected
blade shape) and a profile loss.
The blade geometry parameters are utilized in the blade coordinates program
(ref. 3) to compute blade elements on conical surfaces approximating the stream sur -
faces passing through the blade. The blade elements are then stacked on a line passing
through their centers of gravity. The computed cartesian blade coordinates are used
directly in fabrication.
The blade-element design parameters for rotor 51B are presented in table n. The
rotor was designed for a pressure ratio of 1.184 at the tip varying quadratically to 1.083
at the hub. The higher tip solidity, 0.65, of rotor 51B was obtained by increasing the
aerodynamic chord at the tip 30 percent over that of rotor 51A. The rotor hub thickness
to chord ratio is 15 percent less than that of rotor 51A. Blade camber of rotor 51B is
increased 4.6° at the tip, 5. 8° at the mean blade span, and 4.8° at the hub as compared
to rotor 51A.
The stator blade-element design parameters are given in table m. The blade geom-
etry is presented in table IV for rotor 51B and in table V for stator 51. Both the rotor
and the stator utilized double-circular-arc blade shapes.
The symbols used in this report are defined in appendix A. The equations used for
calculating the overall and blade-element performance parameters are presented in




The compressor stage was tested in the Lewis single-stage compressor facility,
which is described in detail in reference 2. A schematic diagram of the facility is shown
in figure 2. Atmospheric air enters the test facility at an inlet located on the roof of the
building and flows through the flow-measuring orifice and into the plenum chamber up-
stream of the test stage. The air then passes through the experimental compressor
stage into the collector and is exhausted to the atmosphere.
Test Stage
The rotor 51B and stator 51 are shown in figures 3 and 4, respectively. The rotor
blades are mounted in a split rotor disk with the blades prevented from turning by fric-
tion pins in each half of the disk. The compression of the friction pins against the blade
bases is adjustable from the front side of the rotor disk allowing the blade angle to be re-
set without disassembling the rotor. The ambient nonrotating radial tip clearance of the
rotor was a nominal 0. 05 centimeter at the stacking line. However, the radial tip clear-
ances at the leading and trailing edges were approximately three times greater due to the
convex contour of the blade tip. The blade tips were machined with the rotor blades in
the "flat" pitch position to permit rotation of the blades in either direction. The com-
pressor housing has provisions for spacing the stator blade row at 1, 2, and 4 rotor hub
mean chord lengths behind the rotor. Figure 1 shows the stator blade row in the two
chord-length position for this investigation.
Instrum entation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice. The temperature at the orifice was measured with two Chromel-
constantan thermocouples. Pressures at the orifice were measured by calibrated
transducers.
Radial surveys of the flow were made upstream of the rotor, between the rotor and
stator, and downstream of the stator (fig. 5). The survey probes are shown in figure 6.
Total pressure, total temperature, and flow angle were measured with the combination
)robe (fig. 6(a)), and static pressure was measured with an 8° C-shaped wedge probe
fig. 6(b)). Each probe was positioned with a null-balancing, stream-directional sen-
sitive control system that automatically alined the probe to the direction of the flow.
The probes were angularly prealined in an air tunnel. Two combination probes and two
/edge static probes were used at each of the measuring stations. The probe thermo-
:ouple material was Chromel-constantan. The temperatures at stations 2 and 3 were
neasured as differences above temperatures at station 1.
Inner and outer wall static pressure taps were located at the same axial stations as
he survey probes. The circumferential locations of both types of survey probes, along
with inne.r and outer wall static pressure taps, are shown in figure 5. The combination
probes downstream of the stator (station 3) were circumferentially traversed one stator
blade passage (11.2°) counterclockwise from the nominal values shown. All pressures
were obtained with calibrated strain-gage transducers.
An electronic speed counter, in conjunction with a magnetic pickup, was used to
measure rotative speed (rpm).
The estimated errors of the data based on inherent accuracies of the instrumentation
and recording system are as follows:
Weight flow, kg/sec ; ±0. 3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K ±0. 6
Rotor-inlet total pressure, N/cm ±0.01
n
Rotor-outlet total pressure, N/cm ±0.10
f\
Stator-outlet total pressure, N/cm ±0.10
t\
Rotor-inlet static pressure, N/cm ±0.04
p
Rotor-outlet static pressure, N/cm ±0.07
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Stator-outlet static pressure, N/cm ±0.07
An indication of the consistency of the data can be observed by comparing the integrated
weight flow at each measuring station to the orifice weight flow.
Test Procedure
The stage survey data were taken over a range of weight flows from maximum flow
to the near-stall conditions. At 90, 100, 110, and 120 percent of design speed, radial
surveys were taken at a minimum of three weight flows. Data were recorded at nine
radial positions for each speed and weight flow.
At each radial position the combination probes behind the stator were circumferen-
tiallyjraversed to nine different locations across the stator gap. The wedge probes
were set at midgap because previous studies showed that the static pressure across the
stator gap was constant. Values of pressure, temperature, and flow angle were re-
corded at each circumferential position. At the last circumferential position, values of
pressure, temperature, and flow angle were also recorded at stations 1 and 2. All
probes were then traversed to the next radial position and the circumferential traverse
procedure repeated.
At each of the four rotative speeds the backpressure on the stage was increased by
closing the sleeve valve in the collector until a drop in discharge total pressure at the
blade tip occurred. The drop in pressure was determined by comparing the radial dis-
tribution of discharge total pressures between succeeding data recordings with an on-line
computer located at the site. This point represented the limit of stable operation at the
low end of the weight flow range and usually occurred before any definite indications of
stall were observed such as change in noise level or increase in blade stresses.
Calculation Procedure
Measured total temperatures and total pressures were corrected for Mach number
and streamline slope. These corrections were based on instrument probe calibrations
given in reference 4. The stream static pressure was corrected for Mach number and
streamline slope based on an average calibration for the type of probe used.
Because of the physical construction of the C-shaped static pressure wedges, it was
not possible to obtain static pressure measurements at 5, 10, and 95 percent of span.
The static pressure at 95 percent of span was obtained by assuming a linear variation in
static pressure between the values at the inner wall and the probe measurement at 90
percent of span. A linear variation was also assumed between the static pressure meas-
urements at the outer wall and the 15 percent span to obtain the static pressure at 5 and
10 percent of span.
At each radial position, averaged values of the nine circumferential measurements
of pressure, temperature, and flow angle downstream of the stator (station 3) were ob-
tained. The nine values of total temperature were mass averaged to obtain the stator -
outlet total temperature presented. The nine values of total pressure were energy aver-
aged. The measured values of pressure, temperature, and flow angle were used to cal-
culate axial and tangential velocities at each circumferential position. The flow angles
presented for each radial position were calculated based on these mass-averaged axial
and tangential velocities. To obtain the overall performance, the radial values of total
temperature were mass averaged and the values of total pressure were energy averaged.
At each measuring station, the integrated weight flow was computed based on the radial
survey data.
The data, measured at the three measuring stations, have been translated to the
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blade leading and trailing edges by the method presented in reference 2.
Orifice weight flows, total pressures, static pressures, and temperatures were all
corrected to standard-day conditions based on the rotor-inlet conditions.
RESULTS AND DISCUSSION
The overall performance for the rotor and the stage are presented first. Radial dis-
tributions of several performance parameters are then presented for both the rotor and
the stator, followed by blade-element data for both rotor and stator. The data presented
are computer plotted, and occasionally a data point is omitted when it falls outside the
range of the parameters shown in the figure.
All the plotted data together with some additional performance parameters for the
stage configuration are presented in tabular form. The overall performance data are
presented in table VI. The blade-element data are presented first for the rotor in
table VII and then for the stator in table Vni. The definitions and units used for the tab-
ular data are presented in appendix C.
Overall Performance
The overall performance for rotor 51B is presented in figure 7 and for the stage 51B
in figure 8. For both of these figures, data are presented for speeds from 90 to 120 per-
cent of design speed at several weight flows from choke to the near-stall conditions.
Stall conditions occurred gradually with only a moderate dropoff in pressure rise and
thus it was difficult to establish a specific stall point with this stage, particularly at the
lower speeds. The stall condition was arbitrarily taken as the point where a drop in
total pressure at the blade tip was first detected. Successive calculations of the radial
distribution of the stage discharge total pressure, as obtained with an on-line computer,
were compared. Data for the minimum flow points were taken at flow rates just slightly
greater than the point of drop off in total pressure in the tip region. Design point values
are shown as solid symbols in both figures.
The peak temperature rise efficiency for rotor 51B at design speed is 0.918 occur-
ring at a weight flow of 32.4 kilograms per second. The measured total pressure ratio
is 1.145 and the temperature ratio 1. 043. At the near design weight flow of 30.4 kilo-
grams per second, the rotor efficiency of 0.902 compares favorably with the design effi-
ciency of 0.911; however, the rotor total pressure ratio at this weight flow is decreased
_to_l._137_.and then increased again as the flow rate is further reduced. This step seen in
the rotor overall performance curve is also evident in the stage performance results.
The peak temperature rise efficiency for the stage of 0.927 occurs at the same flow
rate as that for the rotor of 32.4 kilograms per second. The stage total pressure ratio
was 1.134 with a temperature ratio of 1. 039. The apparent gain in efficiency across the
stator is due to experimental error; it results from low stator losses and the significant
effect of a small inaccuracy in temperature measurement on the calculation of efficiency
at these low pressure ratios. The difference between rotor and stage peak efficiency is
equivalent to a temperature difference of 0.15 K which is within the estimated accuracy
of temperature measurement.
The measured stall margin at design speed and peak efficiency is 15.3 percent.
Radial Distributions
The radial distributions of several parameters for 100 percent of design speed are
presented in figure 9 for rotor 51B and in figure 10 for stator 51. In each figure data
are presented for those weight flows: near choke, near design, and near stall. The de-
sign values are shown by solid symbols.
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Rotor. - The temperature rise efficiency at near design weight flow is greater than
or close to design at the tip and hub, but is less than design over the middle portion of
the blade from about 20 percent to 80 percent of blade span. The total pressure ratio is
less than design except near the hub. Deviation angles are slightly greater than design
in the region from 20 to 80 percent of blade span. Losses are also higher than design in
the same region of the blade while the diffusion factor is less than design over almost the
total blade span.
There is a significant increase in the total loss parameter and deviation angle over
the 20 to 80 percent portion of the blade span as the weight flow is reduced from the max-
imum efficiency point to the design point. The changes in these parameters are greater
than would be expected for the relatively small change in weight flow (approximately
2 kg/sec). The overall efficiency and pressure ratio dip at the design weight flow and
then recover somewhat at lower weight flows. The cause for the higher losses and re-
sulting lower pressure ratio at design weight flow is not obvious from the radial flow dis-
tributions and will be discussed more in the following section dealing with the variation
of blade-element parameters with incidence angles.
Stator. - The stator suction surface incidence angles at near design weight flow were
2° to 5 less than the design value of zero except at the hub. Experimental deviation
angles were 1 to 5° larger than design with the greatest differences occurring at the tip
and hub. The losses as indicated by the total loss parameter were much higher than de-
sign at the tip and hub but were lower than design in the 50 to 70 percent portion of the
blade span. The loading or diffusion factor was equal to or slightly less than design over
the blade span.
Variations with Incidence Angles
The variations of selected blade-element parameters with incidence angle are shown
in figure 11 for the rotor and in figure 12 for the stator. The data are presented for 90,
100, and 120 percent of speed at blade elements on streamlines located at 5, 10, 30, 50,
70, 90, and 95 percent of blade span as measured from the rotor outlet blade tip. Design
values are indicated by solid symbols. The variation in incidence-angle curves are pre-
sented primarily for future correlations in comparing the performance of these blades
with other blade designs. Only a few brief observations are made herein.
The rotor blade suction-surface incidence angles corresponding to minimum losses
were equal to design incidence at the tip and the hub but were 2° to 5° more negative than
design over the 10 to 70 percent portion of blade span. At design speed, the measured
losses were higher than design at the 50 and 70 percent blade span locations and the ex-
treme hub. Rotor total pressure ratio changed little over the range of incidence angle at
the 50 and 70 percent blade elements. Rotor blade deviation angles at the design inci-
dence were within ±3° of design values.
The stator blade suction-surf ace incidence angles corresponding to minimum losses
were equal to design values at the 30 and 50 percent blade elements but were more neg-
ative than design by 4° to 8° at the tip and hub elements. Stator deviation angles at de-
sign incidence were 1° to 2° higher than design at the 30, 50, and 70 percent blade el-
ements and 3° and 5° higher for elements in the hub and tip region of the blade.
The manner in which the element performance characteristics contributed to the dip
in the overall efficiency and pressure ratio at design weight flow can now be considered.
It was observed previously that the losses and deviation angles increased significantly in
the 20 to 80 percent span as the weight flow was reduced to the design point. The per-
formance of the 50 percent span element shown in figure ll(d), for example, indicates
that, at suction surface incidence angles higher than -13°, the losses rise fairly rapidly
considering the levels of relative flow Mach number. On the other hand, the loading or
diffusion factor stays almost constant to the -10° incidence, apparently because the de-
viation angle increases very rapidly in the same range of incidence. This may indicate
a very rapid forward movement of a flow separation from the blade trailing edge. The
change in performance was not a discontinuity; steady measurements were observed over
the whole stable operating range. When the flow is further reduced and the incidence
angle increases above -10°, a more normal variation of loss and loading parameters re-
sults in an apparent recovery of overall pressure ratio and efficiency. Such a rapid for-
ward movement of flow separation on the blade suction surface may be due to the rather
thick-rotor blade sections (radial distribution of maximum thickness, table IV). _The
combination of design parameters utilized for this blade results in blade sections over
the midspan region having relatively high suction surface camber as compared to that for
the pressure surface. A more detailed calculation and analysis of the rotor blade row
internal flow conditions is considered beyond the scope of this report.
SUMMARY OF RESULTS
This report presents both the aerodynamic design and the overall and blade-element
performance of a low pressure ratio, low blade tip speed fan stage. Radial surveys of
the flow conditions at both the rotor inlet and outlet and the stator outlet were made over
the compressor-stage operating flow range at equivalent rotative speeds from 90 to 120
percent of design speed. Flow and performance parameters were calculated over a se-
lected number of blade elements. The following principal results were obtained:
1. Peak efficiency for the stage at design speed was 0.927 and occurred at an equiv-
alent weight flow of 32.4 kilograms per second.
10
2. Total pressure ratio and total temperature ratio at the peak efficiency equivalent
weight flow was 1.134 and 1. 039, respectively.
3. Stall margin of the stage at design speed and peak efficiency was 15. 3 percent.
4. Peak efficiency of the rotor was 0.918. The rotor total pressure ratio and total
temperature ratio were 1.145 and 1.043, respectively. The higher efficiency of the
stage over that of the rotor is attributed to the significant effect of small inaccuracies in
temperature measurement on the calculation of efficiency at low pressure ratios.
5. The measured total-loss-parameter distribution for the rotor showed the losses
higher than design over the middle portion of the blade from 20 to 80 percent blade span.
The stator losses were higher than design values at the tip and hub but were lower than
design over the middle portion of the stator blade. The diffusion factors for both rotor
and stator were less than design values over most of the blade spans.
6. At design speed the rotor-blade suction-surf ace incidence angles corresponding
to minimum losses were equal to design values at the tip and hub but were 2 to 5 more
negative than design over the 10 to 70 percent portion of blade span. The minimum-loss
stator suction-surf ace incidence angles were equal to design values at the 30 and 50 per-
cent blade elements but were 4° to 8° more negative than design at the tip and hub.
7. At design incidence, rotor deviation angles were within ±3° of design values.
Stator deviation angles were 3° to 5° higher in the tip and hub regions and were 1 to 2
higher than design in the middle portion of the blade.
8. A dip in rotor total pressure ratio and efficiency at the design weight flow with
apparent recovery as the equivalent weight flow rate was reduced is probably associated
with a rapid forward movement of the flow separation point on the blade suction surface
over a portion of the incidence range. The rotor blade design parameters selected re-
sulting in very thick blade sections in the midspan region may have contributed to this
condition.
Lewis Research Center,






2A annulus area at rotor leading edge, 0.170 man
oAf frontal area at rotor leading edge, 0.203 nr
C specific heat at constant pressure, 1004 J/kg/K
c aerodynamic chord, cm
D diffusion factor
n
g acceleration of gravity, 9. 8 m/sec
imc mean incidence angle, angle between inlet air direction and line tangent to blade
mean camber line at leading edge, deg
i suction-surf ace incidence angle, angle between inlet air direction and line tangentss
to blade suction surface at leading edge, deg
J mechanical equivalent of heat
N rotative speed, rpm
n
P total pressure, N/cm
2
p static pressure, N/cm
r radius, cm - - - - -
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor-blade-hub leading edge, cm
» cone angle, deg
C
a_ slope of streamline, degs
/3 air angle, angle between air velocity and axial direction, deg
fi relative meridional air angle based on cone angle,c
arctan (tan 0 cos a /cos a ), deg
Y ratio of specific heats, 1.40
12
y^ blade setting angle
o
6 ratio of rotor-inlet total pressure to standard pressure of 10.13 N/cm
fiP deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, deg
6 ratio of rotor-inlet total temperature to standard temperature of 288.2 K
77 efficiency
K angle between blade mean camber line and meridional plane, deg
KOO angle between blade suction-surf ace camber line at leading edge andss
meridional plane, deg
a solidity, ratio of chord to spacing
w total loss coefficient
u> profile loss coefficient
o> shock loss coefficients
Subscripts:
ad adiabatic (temperature rise)
id ideal











1 instrumentation plane upstream of rotor
2 instrumentation plane between rotor and stator
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
ratio of actual minimum flow area to critical area (where local
Mach number is 1)
meridional air angle, deg
angle between axial direction and conical surface representing
blade element, deg
difference between mean camber blade angle and suction-surf ace
blade angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean
defined by eq. (B2)), deg
angle between blade mean camber line at leading edge and
meridional plane, deg
angle between blade mean camber line at trailing edge and
meridional plane, deg
angle between blade mean camber line at transition point and
meridional plane, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)




































inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec
equilvalent weight flow, kg/sec
ratio of suction-surface camber ahead of assumed shock location
of multiple-circular-arc blade section to that of double-
circular-arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm
axial distance to transition point from inlet, cm
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TABLE I. -DESIGN OVERALL PARAMETERS
FOR FAN STAGE 5 IB
ROTOR TOTAL PRESSURE RATIO 1.159
STAGE TOTAL PRESSURE RATIO 1.151
ROTOR TOTAL TEMPERATURE RAT 10 1.047
STAGE TOTAL TEMPERATURE RATIO 1.047
ROTOR AOIABATIC EFFICIENCY 0.911
STAGE ADIABATIC EFFICIENCY 0.865
ROTOR POLYTROPIC EFFICIENCY 0.913
STAGE POLYTROPIC EFFICIENCY 0.868
ROTOR HEAD RISE COEFFICIENT 0.210
STAGE HEAD RISE COEFFICIENT 0.199
aOW COEFFICIENT 0.681
HT FLOW PER UNIT FRONTAL AREA 147.704































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE IV. - BLADE GEOMETRY FOR ROTOR 51B











































































































































































































































































































































































































































































































































































































ZI ZMC ZTC ZO
25.452 27.898 27.898 30.379
25.455 27.900 27.900 30.381
25.456 27.900 27.900 30.381
25.455 27.899 27.899 30.380
25.458 27.897 27.897 30.378
25.467 27.896 27.896 30.378
25.479 27.894 27.894 30.379
25.488 27.891 27.891 30.377
25.491 27.891 27.891 30.377
25.494 27.892 27.892 30.378




































































































TABLE VI. - OVERALL PERFORMANCE FOR STAGE 5IB
(a) 90 Percent design speed
Parameter
ROTOR TOTAL PRESSURE R A T I O
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE R A T I O
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICF
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED
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(b) 100 Percent design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RAT IO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED


































































































TABLE VI. - Concluded,
(c) 110 Percent design speed
Parameter
ROTOR TOTAL PRESSURE RAT IO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED

































































































(d) 120 Percent design speed
Parameter
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE R A T I O
STAGE TOTAL TEMPERATURE R A T I O
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED




























































TABLE VH. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 51B







































































































































































































































































































































































































































































TABLE VII. - Continued.








































































































































































































































































































































































































































































TABLE VII. - Continued.







































































































































































































































































































































































































































































TABLE VII. - Continued.






































































































































































































































































































































































































































































TABLE VII. - Continued,































































































































































































































































































































































































































































TABLE VII. - Continued,






































































































































































































































































































































































































































































TABLE VH. - Continued.







































































































































































































































































































































































































































































TABLE VH. - Continued.







































































































































































































































































































































































































































































TABLE YE. - Continued.










































































































































































































































































































































































































































































TABLE VII. - Continued.















































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE VH. - Continued.







































































































































































































































































































































































































































































TABLE VII. - Continued.









































































































































































































































































































































































































































































TABLE VH. - Continued.





























































































































































































































































































































































































































































TABLE VH. - Continued.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE VII. - Continued.







































































































































































































































































































































































































































































TABLE VH. - Concluded.







































































































































































































































































































































































































































































TABLE Vin. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 51



















































































































































































































































































R A T I O
0.999



















































































































































































TABLE VIH. - Continued,







































































































































































































































































































































































































































































TABLE Vm. - Continued.








































































































































































































































































































































































































































































TABLE Vm. - Continued,






































































































































































































































































































































































































































































TABLE Vm. - Continued,






























































































































































































































































































































































































































































TABLE Vin. - Continued.
(0 100 Percent design speed; reading number 1766



























1 5 . 1 1 0
12.786
11.966








































































































































































































































































































































































































































TABLE VIE.- - Continued.






























































































































































































































































































































































































































































TABLE VHI. - Continued.







































































































































































































































































































































































































































































TABLE Vm. - Continued.







































































































































































































































































































































































































































































TABLE VEH. - Continued.






































































































































































































































































































































































































































































TABLE Vm. - Continued.







































































































































































































































































































































































































































































TABLE Vm. - Continued.







































































































































































































































































































































































































































































TABLE vm. - Continued,







































































































































































































































































































































































































































































TABLE Vm. - Continued.

































































































































































































































































































































































































































































TABLE VIE. - Continued.






































































































































































































































































































































































































































































TABLE Vffl. - Continued.






































































































































































































































































































































































































































































TABLE VIE. - Continued.







































































































































































































































































































































































































































































TABLE Vm. - Concluded.
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Axial location from rotor blade leading edge, 2, cm













Figures. - Rotor 51B, stage 51B.
Figured - Stator 51, stage 51B.
65
Station 1 Station 2 Station 3
Rotor Stator
'n Combination probe
b 8° Wedge probe
Q Wall static pressure tap
(a) Station (facing downstream).
26^30' 450
52°30'
(b) Station 2 (facing downstream).
(c) Station 3 (facing downstream).





// pressure taps for flow
' I angle measurement
C-67-3836
(a) Combination total pressure, total temperature, and flow angle
probe (double barrel).
C-68-1280
(b) Static pressure probe.
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